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A COMPUTER SYSTEM HAVING CONTROLLED COOLING 

BACKGROUND OF THE INVENTION 

1) . Field of the Invention 

[0001] This invention relates generally to a computer system, and more specifically 
to systems that are used to cool a microelectronic die of the computer system. 

2) . Discussion of Related Art 

[0002] As semiconductor devices, such as processors and processing elements, 
operate at continually higher data rates and higher frequencies, they generally 
consume greater current and produce more heat. It is desirable to maintain 
operation of these devices within certain temperature ranges for reliability reasons, 
among others. Conventional heat transfer mechanisms have restricted the operation 

% 

of such devices to lower power levels, lower data rates, and/ or lower operating 
frequencies. Conventional heat transfer mechanisms have limited heat transfer 
capability due to size and location restrictions, as well as thermal limitations. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The invention is described by way of example with reference to the 
accompanying drawings, wherein: 

[0004] Figure 1 is a block diagram illustrating components of a computer system, 
according to an embodiment of the invention; 

[0005] Figure 2 is a graph of motor voltage and thermoelectric voltage as controlled 

■ 

by a controller of the computer system of Figure 1; and 

[0006] Figure 3 is a block diagram illustrating further components of the computer 
system. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0007] A computer system and its method of cooling are provided. A vapor 
chamber serves as a heat spreader for heat from the microelectronic die. A 
thermoelectric module serves to cool the vapor chamber and maintain proper 
functioning of the vapor chamber, thus keeping the microelectronic die cooled. A 
controller receives input from five temperature sensors, and utilizes the input to 
control current to the thermoelectric module and voltage/ current to a motor that 
drives a fan and provides additional cooling. A current sensor allows the controller 
to monitor and limit power provided to the thermoelectric module. 

V 

[0008] Figure 1 of the accompanying drawings illustrates components of a 
computer system 10, according to an embodiment of the invention, including a 
computer processor 12, a cooling apparatus 14 for the computer processor 12, and a 
control apparatus 16 for the cooling apparatus 14. 

[0009] The computer processor 12 includes a package substrate 18 and a 
microelectronic die 20 mounted to the package substrate 18. The microelectronic die 
20 has a microelectronic circuit formed therein. The package substrate 18 provides 
structural support for the microelectronic die 20. The package substrate 18 also has 
metal lines through which signals, power, and ground can be provided to the 
microelectronic die 20. The microelectronic die 20 heats up when the circuit is 

* 

operated; Heat generated by the microelectronic die 20 has to be removed, 
preferably in a controlled manner, in order to avoid damage to the circuit due to 
excessive temperatures. 
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[0010] The cooling apparatus 14 includes a vapor chamber 22, a thermoelectric 
module 26, a heat sink 28, a fan 30, and a motor 32. 

[0011] The vapor chamber 22 is located on the microelectronic die 20 so that heat 
can conduct from the microelectronic die 20 through a lower wall of the vapor 
chamber 22. The vapor chamber 22 has a larger footprint than the microelectronic 
die 20, and serves as a heat spreader that spreads heat coming from the 
microelectronic die 20. The vapor chamber 22 has a wicking structure on internal 
surfaces of walls thereof, and is filled with a fluid that can condense onto or 
evaporate from the wicking structure. The heat conducting from the microelectronic 
die 20 evaporates the fluid from the wicking structure on the lower wall of the vapor 
chamber 22, and the fluid then condenses on the wicking structure on an upper wall 
of the vapor chamber 22. The condensed fluid then flows back in the wicking 
structure to the lower wall, where it is again evaporated. The temperature of the 
lower wall of the vapor chamber 22 has to be accurately controlled in order to 
maintain the processor 12 below a predetermined temperature. 
[0012] A lower ceramic plate 33 of the thermoelectric module 26 is located on the 
vapor chamber 22. Heat conducts from the upper wall of the vapor chamber 22 
through the electrically insulative lower ceramic plate 33 to an upper surface of the 
lower ceramic plate 33. An upper surface of the lower ceramic plate 33 is at a lower 
temperature than a lower surface thereof. 

[0013] The thermoelectric module 26 also includes thermoelectric components 35 
located on the lower ceramic plate 33. The thermoelectric components 35 are 

Patent Application 5 042390P16836 



typically a plurality of doped semiconductor components. When current is provided 
to the semiconductor components, the semiconductor components can pump heat, 
and the direction that the heat is pumped depends on the dopant type of the 
semiconductor components and the direction of the current. Thermoelectric modules 
are known in the art and are therefore not described in detail herein. Suffice to say 

» 

that current 34 is provided to the thermoelectric module 26, which causes the 
thermoelectric components 35 to pump heat from the lower ceramic plate 33 to an 
electrically insulative upper ceramic plate 37 thereof. The upper surface of the 
thermoelectric module 26 is then warmer than a lower surface thereof. 
[0014] The heat sink 28 includes a hot plate 36 and a plurality of fins 38 extending 
from the hot plate 36. The hot plate 36 is located on the upper surface of the 
thermoelectric module 26. The heat conducts from the upper surface of the 
thermoelectric module 26 through the hot plate 36 to the fins 38, from where the heat 
can convect to surrounding air. 

[0015] The fan 30 is coupled to the motor 32 so that the motor 32 rotates the fan 30 
when current 40 is provided to the motor 32. The fan 30 blows air over the fins 38, 
which increases the transfer of heat from the fins 38, depending on the temperatures 
of the fins 38 and the air. 

[0016] The control apparatus 16 includes a controller 42, a junction temperature 
sensor 43, a cold-side temperature sensor 44, a hot-side temperature sensor 46, an 
ambient moisture sensor 47, an ambient temperature sensor 48, and a current sensor 
50. 
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[0017] The junction temperature sensor 43 is typically located within the 
microelectronic chip 20. The cold-side temperature sensor 44 is typically located on 
an upper surface of the lower ceramic plate 33 of the thermoelectric module 26. The 
hot-side temperature sensor 46 is typically located on a lower surface of the upper 
ceramic plate 37. The junction, cold-side, and hot-side temperature sensors 43, 44, 
and 46 are all connected to the controller 42 and provide feedback to the controller 42 
of the temperature of the microelectronic chip and the temperatures at the bottom 
and top of the thermoelectric module 26, respectively. The controller 42 can control 
the current 34 provided to the thermoelectric module 26 based on the temperatures 
sensed by the junction, cold-side, and hot-side temperature sensors 43, 44, and 46. 
The junction temperature sensor 43 provides an indication to the controller 42 when 
the temperature of the microelectronic chip 20 approaches a predetermined 
maximum, in which case current provided to the thermoelectric module 26 is 
increased. The difference between the temperatures sensed by the cold-side and hot- 
side temperature sensors 44 and 46 is indicative of the degree of heat that is pumped 
by the thermoelectric module 26. The controller 42 can control the current 34 to 
maintain the temperature sensed by the junction temperature sensor 43 within a 
predetermined range. A substrate temperature sensor can be located on the package 
substrate 18 and provide temperature feedback to the controller 42 instead of or in 
addition to the junction temperature sensor 43. 

[0018] The ambient moisture sensor 47 provides data to the controller 42 of 
moisture percentage in the surrounding air. The ambient temperature sensor 48 is 
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also connected to the controller 42 to provide feedback to the controller 42 of a 
temperature of air sensed by the ambient temperature sensor 48 at a location distant 
from the other components illustrated in the drawing. The combined readings of 
moisture percentage and ambient temperature allow the controller 42 to calculate 
moisture content of surrounding air. The controller 42 regulates , current to the 

■ , 

thermoelectric module 26 in such a manner that condensation on cold parts is 
avoided. The temperature of the lower ceramic plate 33 as detected by the cold-side 
temperature sensor 44 will, for example, be held proportionately higher with a 
higher moisture content of the surrounding air. 

[0019] The current sensor 50 detects the magnitude of the current 34 provided to 
the thermoelectric module 26. The current sensor 50 is connected to the controller 42 
so that the controller 42 receives feedback of the magnitude of the current 34. Based 
on the resistance of the thermoelectric module, the controller 42 can calculate the 
voltage provided to the thermoelectric module 26 (R=V/I). The controller 42 can also 
control the current 40 provided to the motor 32. An increase in the current 40 

- 

provided to the motor 32 will be due to an increase in voltage provided to the motor 
32. 

[0020] Figure 2 illustrates how the motor voltage and the thermoelectric voltage can 
be controlled by the controller 42. The motor voltage and thermoelectric voltage may 
each be increased linearly with an increase in the cooling requirements of the 
microelectronic die 20. The thermoelectric voltage may be limited to 12 volts by the 
controller 42, so that only the motor voltage is increased when more cooling is 
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required than a predetermined amount. Thermoelectric modules are inherently 
inefficient, and therefore require a large amount of power. However, power can be 
conserved by limiting power to the thermoelectric module 26 and providing more 
power to the motor 32. A sufficient amount of power is still provided to the 
thermoelectric module 26, so as to keep the lower ceramic plate 33 at a temperature 

4 

sufficiently low to ensure that the temperature of the processor 12 remains below a 
predetermined maximum temperature. 

[0021] It can thus be seen that the vapor chamber 22 serves as a heat spreader for 
heat from the microelectronic die 20. The thermoelectric module 26 serves to cool the 
vapor chamber 22 and maintain proper functioning; of the vapor chamber 22, and the 
temperature of the processor 12 below a predetermined maximum temperature. The 
controller 42, in this embodiment, receives input variables from five temperature 
sensors 43, 44, 46, 47, and 48, and utilizes the input variables to control the current 34 
to the thermoelectric module 26 and the current 40 to the motor 32 that drives the fan 
30 and provides additional cooling. The current sensor 50 allows the controller 42 to 
monitor and limit power provided to the thermoelectric module 26. 
[0022] Figure 3 of the accompanying drawings illustrates further components of the 
computer system 10. The computer system 10 further includes a bus 112 having 
connected thereto the processor 12, cache memory 116, main memory 118, a floppy 
drive 120, a compact disk read-only-memory (CD-ROM) drive 122, a hard disk drive 
123, a monitor 124 having a screen with a display area, a keyboard 126, and a mouse 
128. A list of instructions in the form of a program can be stored on, for example, a 
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compact disk and be loaded in the CD-ROM drive 122. The instructions of the 
program can be loaded into the cache memory 116 and the main memory 118, while 
more of the instructions may reside on the compact disk and on the hard disk of the 
hard drive. The floppy drive 120 or the hard disk drive 123 may be used instead of 
the CD-ROM drive 122 to load instructions into the computer system 10. The 
instructions can be read by the processor 12 in a logical manner which ensures 
proper execution of the program. A user may interact utilizing the mouse 128 or the 
keyboard 126. A respective signal can be generated by the mouse 128 or the 
keyboard 126. The signal is sent through the bus 112 and ultimately to the processor 
12, which responds to the signal to modify an execution of the program. Execution 
of the program by the processor 12 results in control of how information, stored in 
the main memory 118, the cache memory 116, the hard disk drive 123, or the CD- 

r 

ROM drive 122, is displayed on the display area of the monitor 124. 

* 

[0023] While certain exemplary embodiments have been described and shown in 
the accompanying drawings, it is to be understood that such embodiments are 
merely illustrative and not restrictive of the current invention, and that this invention 
is not restricted to the specific constructions and arrangements shown and described 
since modifications may occur to those ordinarily skilled in the art. 
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